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uhen   it  is  proposed  to  place  any  preventable  disease 
xmder  control, certain  f&ctors  must  be  considered.  First, 
is  the  disecse  in  question  of  sufficient  importance  econ- 
omically to  justify  the  expenditure  of  the  money  and  lab- 
or necessgry  to  br  ■  ng  it  v.holly  or  ^^artially  under  control? 
becond,  is  the  eitiology  of  the  disease,  and  the  modes  of 
transmitting  the  infection,  sufficiently  well  knovm  to  : ermit 
the  applicetion  of  recognized  scientific  measures  of  control  ? 
Third,  vhich  method  or  combin&tion  of  methods,  will  effect  the 
greatest  reduction  in  the  incidence  of  the  disegse  ? 

^ny  discussion  of  the  control  of  typhoid  fever  must 
consider  these  three  factors.   The  economic  necessity  of 
controlling  typhoid  fever  is  fully  recognised  st  the  pres- 
ent time.   The  Imowledge  of  the  etiology  of  the  disease  and 
the  means  of  transmitting  the  infection  is  such  that  con- 
trol measures  csn  be  applied  in  practically  any  community 
with  a  reasonable  expectation  of  success. 


Historic  of  Typhoid  Fever. 

The  narie  of  typhoid  fever  was  first  applied  to 
the  disease  in  1B29  by  Louis  who  was  the  first  to  clear- 
ly differentiate  typhoid  fever  from  typhus.  He  based 
his  conclusions  upon  the  fact  that  in  typhoid  fever 
ulcers  were  found  in  the  small  intestine,  a.nd  that  sim- 
ilar lesions  were  never  found  in  typhus  fever. 

Gerhard,  an  American  student  of  Lewis,  in  1837, 
gave  a  full  account  of  the  anatomical  anr!  clinical  feat- 
ures of  the  two  diseases.   In  1842  Bartlett  publislted 
a  treatise  in  which  typhoid  fever  and  typhus  were  separ- 
ately considered.   The  v/ork  of  these  two  physicians, to- 
gether with  that  of  Enoch  Hale,  Shattuck,  and  Austin  Flint, 
served  to  place  the  status  of  the  disease  upon  a  firm 
basis  in  this  country. 

In  Great  Britain,  the  work  of  the  American  e,nd 
Frencli  observer?  was  confirmed  by  the  studies  of  Barlow 
in  1840,  and  Sir  William  Jenner  in  1850. 

During  the  years  prior  to  the  discovery  of  the 
typhoid  bacillus  a  number  cf  theories  existed  regarding 
the  method  of  transmission  of  the  disease. 

Murchison  recognized  that  typhoid  fever  cculd  be 
transmitted  from  man  to  man  by  the  excreta  but  unfortun- 


ately  included  in  his  doctrine  the  theory  of  spontane- 
ous generation  outside  the  body  of  the  infective  atrent . 
In  1862  he  f^ave  as  his  opinion: 

"It  (typhoid  fever)  may  be  communicated 
by  the  sick  to  persons  in  health, but 
even  then,  the  poison  is  not  like  that 
of  s'^.llpox  given  off  from  the  body  in 
virulent  form,  but  is  developed  by  the 
decomposit Jon  of  the  excreta  after 
their  discharge.   Consequently,  an  out- 
break. ..  iTnplies  poisoning  of  the  air, 
drinking  water  or  other  ingesta  with 
decomposing  excreta." 

Much  difference  of  opinion  existed  as  to  the 
ccmparptive  "contagio^^sne3s"  of  typhoid  fever.   Louis 
noted  that  typhoid  fever  vyas  less  contagious  than  typhu^ 
and  other  investigators  alleged  that  ti^jhoid  fever  dif- 
fered from  typhus  in  that  it  ffa.3   less  contagious  than 
typhus.   Sir  William  Tenner  j/rote  in  18  50: 

"If  typhoid  fever  be  contagious,  it  is 
infinitely  less  so  than  typhus.  My 
experience  leads  me  to  regard  it  as 
contagious." 

In  1856  William  "Budd  began  the  publication  of 
his  studies  on  the  methods  of  traisnission  of  tjT3hoid 
fever.   3y  epidemiological  studies  he  proved  that  the 
disease  could  be  transmitted  through  the  feces  of  a 
typhoid  pat  lent, by  means  of  water  or  milk  contamina- 
tion, to  healthy  individuals,   h©  believed  that  the 
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poison  of    the    disease    could  be   found    in   the   diarrhoeal 
discharges  of   the   patient,   and  that    epidemics,   as  a  rule, 
were   caused  by  the   contamination  of   the   water   supply 
with  the    excreta   of    the   typhoid   patients. 

Budd   also   conceived  t/e    idea   that    the    infective 
aeent   of   the  disease    could   be   carried   by  persons    in  whom 
all   clinical   evidence   of   the    disease  had   disappeared, 
and  that   these    individuals   were   capable   of   tranaiaitting 
the    infection   through  their   dejecta--a   condition  wnich 
is   knov/n  to-day  as  the   carrier   state. 

In   1880-31   it   was   shown  by  Eberth,   Kleb3,and  Koch 
that    the  bacillus  Icnov/n  to-day   as   the    typhoid   bacillus 
was   constantly  associated  with  typhoid   fever.      The    tj'phoid 
bacillus    '.vas   fi^-st   grown    in  pure   culture   by  Gaffky   in   18".4, 

From  a  purely   scientific  vie.vpoinfc,    the    typhoid 
bacillus  has   never   been  proven  to  be  the  one  and  only 
cause   of  the   clinical   condition  knovm   as   typhoid   fever. 
However,   certain  facts    in  the    life   history  of   the  bacillus 
and   in      its  relation   to   the    disease   in   question  have    led 
to   the   general   acceptance   of   the   view  that  typhoid  fever 
is,    in   every   instance,    caused   by  the    invasion  of ^ and  the 
multiplication  within   the    body,    of   the    t2'phoid    .Dacillus. 


The  typhoid  bacillus  can  always  oe  found  at 
some  time  during  the  course  of  typhoid  fever  in  the 
blood,  f eces  ,or  urine;   and,  except  in  the  case  of 
carriers,  it  is  never   found  in  the  blood  or  excreta 
of  normal  persons,  or  in  the  presence  of  diseases  other 
than  typhoid.. 

Characteristic  lesions  are  produced  in  the 
presence  of  the  typhoid  bacillus,  and  these  lesions  are 
accompanied  by  the  symptom  complex  of  typhoid  fever. 
7/hile  tne  disease  cannot  be  reproduced  in  the  ordinary 
laboratory  animal,  it  has  been  reproduced  in  chimpan- 
zees in  a  form  similar  to  that  observed  in  ms.n. 

immunity. 

As  stated  aoove  the  ordinary  laboratory  animal 
is,  as  a  rule,  immune  to  typhoid  fever  as  it  is  known 
in  man.;  while,  on  the  other  hand,  man  is  rarely  completely 
immune  to  the  disease  in  a  natural  state. 

An  attack  of  typhoid  fever  vill  usually  confer 
a  fairly  hi^h  degree  of  immunity  to  subsequent  infections. 
The  protection  thus  afforded  is  relative  and  not  absolute. 
It  has  been  noted  in  virtually  all  epidemics  that  in  groups 
of  individuals, where  all  the  members  were  apparently 
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equally  exposed  to  the  infection, .only  a  portion  of 
the  persons  thi;s  exposed  developed  the  disease.   In 
some  of  these  cases   the  immunity  exhibited  ms.y   be  at- 
tributed to  previous  attacks  of  the  disease, or  the  fail- 
ure to  contract  the  infection  may  have  been  due  to  mech- 
anical factors  such  as  the  bacilli  being  swept  through 
the  gastro-intestinal  tract  '.vithout  being  afforded  an 
opportunity  to  attack  the  intestinal  wall.  However,  it 
is  probable  that  some  of  these  cases, which  gave  no  his- 
tory of  a  previous  attack  of  tjT)hoid  fever,  had  in  real- 
ity been  rendered  immune  to  the  disease  by  a  number  of 
slio-ht  infections,  no  one  of  -yhich  was  sufficient  to  pro- 
duce the  clinical  symptoms.   The  cumulative  effect  of 
these  slight  infections  was  the  production  of  sufficient 
immunity  to  overcome  the  toxins  produced  by  a  still  larj::er 

number  of  the  bacilli  of  similar  virulence. 
1 
Scheller  describes  a  milk  epidemic  in  which  72 

people  drank  milk, over  a  considerable  period  of  time, 

that  was  constantly  being  contaminated  by  a  carrier.  Of 

the  72  persona,  32  contracted  the  disease;  and  of  the  re- 
maining 40  people,  18  were  found  to  have  typhoid  bacilli 

2 
in  their  feces  or  urine.   Gay  and  Claypoole  report  an  in- 
stance where  four  persons  drank  of  contaminated  water  and 
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2  developed  tiie  disease  while  the  other  2  escaped  with 
only  slight  sjmiptoms  of  intoxication  which  disappeared 
,71  thin  a  few  days  . 

It  has  often  been  noted  that  nev/comers  in  a  local- 
ity where  typhoid  fever  is  unusually  prevalent  often  ex- 
hibit a  higher  incidence  of  the  disease  than  do  the  older 
inhabitants  who  have  not  had  the  disease,  indicating'  that 
a  certain  amount  of  ii^iunity  has  been  acquired  by  the 
older  residents,  probably  due  to  a  number  of  slight  ex- 
posures. 

The  estimates  that  have  been  made  of  the  number 
of  recovered  cases  of  tjT)hoid  fever  that  suffer  from  a 
second  attack  of  the  disease  indic^.te  that  the  protection 
afforded  by  one  attack  is  not  as  effective  as  that  con- 
ferred by  such  diseases  as  smallpox  or  scarlet  fever. 
osier  places  the  estimate  of  tj'phoid  fever  cases  that 

will  offer  a  history  of  the  previous  attack  at  2.2  per 

4 
cent.  Sawyer  and  Kelly  found  that,  under  conditions  of 

massive  infection,  B,  and  15.  per.  cent  oi  .their ..cases, Respect- 
ively,gave  a  history  of  a  previous  attack. 

The  history,  or  lack  of  history,  of  a  previous 
attack  is, in  many  cases, distinctly  unreliable  because  of 
the  fact  that  many  of  the  diagnoses  were  made  without 
differentiation  betwef^n  typhoid  and  paratyphoid  fevers, 
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and   also   because  many  mild  cases   of   undetermined   fever 
are  wrdngly  diagnosed  as   typhoid  fever. 

On  the   other   ha;id  there    is   always   the  possibil- 
ity that   the   second  attack  of    the  fever    -vill  be  mild  and 
pass  unsuspected.      The  undoubted  r-^currences   that   do   oc- 
cur usvally  a,ppear   during  the   course   of   the   larger   epidem- 
ics  where  probably  the    infecting   dose    is   lar^^er   and  more 
virulent.      It    is   probable  that,    after   a  reasonable    lapse 
of   time,   any  recovered   case    could    be    reinfected   should   a  sv£- 
ficient   number   of  virulent   bacilli   be    ingested. 

The   nature   of   the  protection  against    typ})Oid 
fever  afforded  by  an  attack   of  the  disease,   or   by  vaccina- 
tion,   is   obscure.      The   fact    that   apparently   the   agglutin- 
ins  disappear   from  the   blood  witJiJn  a   fev/  months   after 
the   '+evelorrient    of  the   immunity   tends   to    disprove   the 
theory  that    the    immunity    is  due   to   the  action  of   anti- 
bodies   in   the    blood. 

It    is   generally   assxjimed  that   the   symptoms   of 
typhoid   fever   are   the    direct   result    of   the  action   of   a 
toxin  rather   than   the  effect   produced   by  the  growth   and 
multiplication  of    the    bacilli   alone.      Furl'.her,   the    evi- 
dence  tends   to    show   that  this    toxin   is   one   which   is   re- 
leased  by  the  death  and   disintegration  of   the    bacilli--an 
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endotoxin — rather   than  one   that   is    secreted  by  the  living 
bacllli--an   exotoxin.      There   has   been    some    evidence   ad- 
vanced  in  recent   years    to    show  ttet   while   the  principal 
toxin   is   an   endotoxin,    a  comparatively  snail  a^iount  of 
exotoxin    is  also    formed.      If   the  present   understEinding  of 
what   constitutes   an  antitoxin   is    correct,    it    is    evident 
that   the    immunity    in  the  case  of   typhoid   fever    is   not 
due   to   an  antitoxin   in   the    bleed   stream,   provided  that 
the   term     antitoxin   is  used    in  the   same   sense  as   that   of 
diptberia  antitoxin. 

Certain   cases   of   typhoid   fever  recover   from  the 
clinical   symptoms   of   the   disease   but    continue   to   excrete 
the  bacilli    in   their   feces  and  urine  for  varying  lengths 
of   time   after   recovery,    becoming   the   so-called  carriers  of 
the  disease.      Other    individuals  are  found   to   excrete   the 
bacilDi  who   give   no   history  of   ever  having  had  an  attack 
of  the  disease   although    it    is  probable  that   such   cases   did 
in  reality  suf^'er   from  a  mild  attack  of  the    fever   which 
passed  unnoticed  or   'was   diagnosed  as    seme   other    condition. 
Carriers   afford   the    best    example   of  protection  against 
the   disease   and   in  many   of   these   cases   agglutinins   c&nnot 

be   demonstrated  in  the    blood  by  any   test  now  available. 

5 
The   recent  work  of  Besredka  lia.s   led  him  to    con- 
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elude  that  the  elenents  of  protection  against  typhoid 
fever  are  localized  in  the  cells  of  the  intestinal  wall; 
i.e.,  that  an  attack  of  the  disease,  or  vaccination,  ren- 
dered the  intest  inal  wall  inipervicbs  to  the  passa^^e  of  the 
bacilli  end   thereby  prevented  them  from  reaching  the  blood 
stream  where  they  could  produce  the  general  symptoms  of 
the  disease,  and  also  protected  the  glands  of  the  intes- 
tinal wall  against  the  action  of  the  prodijcts  of  the 
bacilli. 

The  gradual  accumulation  of  evidence  of  this 
type  seems  to  indicate  that  the  factors  that  produce  the 
immunity  af?ainst  typhoid  fever  are  of  cellular  rather 
than  of  humoral  origin. 

?-Todes  of  Infection. 

The  primary  source  of  the  infection  in  any  case 
of  typhoid  fever  is  another  case,  or  a  carrier;  but  the 
methods  by  which  the  infection  can  be  transmitted  from  one 
to  the  other  are  extremely  varied. 

The  ability  of  the  infected  person  to  infect 
others  depends  first,  upon  the  number  and  virulence  of  the 
bacilli  that  he  is  excreting;  second,  upon  the  adaptabil- 
ity of  the  available  means  of  transmitting  the  infection; 
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and  third,  upon  the  presence  of  non- immune  persons. 

The  individual  suffering,  from  typhoid  fever 
may  eliminate  the  bacilli  in  his  excreta  during  the  incub- 
ation period  of  the  disease,  the  active  stage,  and  for 
varying  periods  of  time  after  the  clinical  symptoms  have 
disappeared.   The  number  of  the  bacilli  excreted  varies 
from  time  to  time  in  the  same  individual  and  in  different 
individuals.   In  an  active  case  of  typhoid  fever  the  dan- 
irerou3  period,  in  so  far  as  the  transmission  of  the  in- 
fection to  others  is  concerned,  lies  in  the  incubation 
period  and  after  a  clinical  recovery  has  taken  place. 
During  the  period  intervening  betv/een  the  infection  and 
the  appearance  of  the  symptoms  of  the  disease,  the  con- 
dition is  undiagnosed  and  the  victim  spreads  the  infectjcn 
by  means  of  the  bacilli  eliminated  in  his  excreta;  while, 
after  recovery,  he  may  become  an  unsuspected  carrier  and 
continue  indefinitely  to  "?e  a  source  of  danger  to  the 
community . 

Mild  o:"  undiag-ncsed  cases  of  typhoid  fever  pre- 
sent the  sar::e  elements  of  danger  as  more  severe  cases 
and  in  fact  are  often  more  dangerous  to  the  community  be- 
cause they  reraain  unsuspected  and  uncontrolled. 

The  methods  of  transmitting  the  infection  from 
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the    infected   individual   to    the   non-iminune   may    be   by   direct 
or   by    indirect   channels. 

The   direct  method   consists    of   the   immediate   trans- 
mission cf    the    e^cfeta    of   the  patient   or    carrier    to   the 
mouth  of   the   non- immune   person.      This   may   be   broup:ht   about 
by   the   fingers   of   the   nurse   or   attendants,    or   by    inanimate 
articles ,  s^;ich   as   food,    that   have   come    into    direct    contact 
with   the   excreta. 

The    indirect    transmission  cf   the    infect  ion  , where 
the  bacilli   spend  a  part   cf    their   existence   outside   the 
hvunan   body,   ms.y  be   brought  about    by  the  means   of  water, 
milk,    flies,    food   other   than  milk,    and  many  ot/^er  vehicles 
that  allow  the   bacilli   to   remain  viable      until   they   reach 
the    intestine   of   a  susceptible   person. 

Persons    jvho   attend  those   sick  of   typhoid  fever  are 
more  prone   to    contract   the    disease   by   direct   contact.      Gay 
makes   the    statement   that    it   has   loni<   been  recognized  that 
nurses   and  physicians   are  mere   liable  to    contract    typhoid 
fever   tlian  riftmbers   of   other    ^./valks   of    life.      He   attributes 
this    tendency   to    the  fact    that  the    fingers   of   these    individ- 
uals  come    in   contact    yvith  the    body   or   the   excreta   of   the 
patient,   and    the    bacilli   are    conveyed    thereby   to    the   mouth. 
Any  object   that   comes    in   contact   with  the  patient   may  trans- 
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mit  the  infection  to  others,  and  the  acquisition  of  the 
infection  by  the  di^'ect  method  is    by  no  means  limited  to 
the  members  of  the  nursin*^  and  medical  professions. 

The  cases  of  the  disease  that  result  frora  direct 
infection  are  said  to  be  more  severe  than  those  in  .vhich 
the  infection  has  been  acquired  by   an  indirect  method. 
This  condition  may  be  attributed  to  the  lar;'2;er  doses  as  well 
as  to  an  unaltered  virulence  of  the  bacilli  vhich  have  not 
been  subjected  to  the  adverse  conditions  attending  their 
existence  outside  the  animal  body. 

It  is  probable  that  zmcre  infections  '.vith  the 
typhoid  bacillus  are  caused  by  the  drinkinci  of  contaminat- 
ed water  than  by  any  other  one  method.   It  was  the  first 
recogni?:ed  route  of  infection;  and  the  reduction  of  the 
typhoid  fever  death  rate  in  recent  years  has  keen  largely- 
due  to  the  improvement  in  the  public  water  supplies. 

VHiile  human  excreta  may  reach  a  wat  er  supply  in 
a  number  of  ways,  the  two  most  common  methods  are' by  contamin- 
ation with  surface  water  and  by  percolation  of  sewage  or 
contaminated  water  a.lon^/,   subterranean  strata  or  fissures. 
Feces  and  urine  may  be  carried  by  the  surface  /ash  into 
the  water  supply  and  the  surface  riisposal  of  sewage  may  lead 
to  its  ultimate  disposal  in  the  water  supply.   Instances  of 
an  accidental  connection  between  sewer  and  water  pipes  have 
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occurred  vvith  disastrous  results. 

It  is  not  thought  that  any  marl^ed  multiplica- 
tion of  the  typhoid  bacilli  takes  place  in  water;  biit  the 
bacilli  may  survive  for  varyin;^  periods  o^  time,  depend- 
ing" sO'iewhat  upon  the  purity  of  the  water  and  the  temper- 
ature.  The  bacilli  tend  to  die  off  in  water  that  is  gross- 
ly contaminated  with  se.vage.  Warm  water  is  more  favorable 
for  their  existence  than  cold  and  t-iey  tend  to  disappear 
quickly  in  sha,llo*7  water  that  is  exposed  to  the  direct  rays 
of  the  sun.   They  will  live  longer  in  quiet  water  tiian  in 
water  that  is  constantly  agitated.   Gay  states  that  the 
typhoid  bacilli  may  live  in  sterile  water  for  as  long  as 
three  and  one-half  months;  and  Part  and  Williams  estimate 
their  life  span  as  from  two  to  seven  days  in  typical  river 
water.   While  most  of  the  bacilli  will  rlisappear  from  con- 
taminated water  in  a  very  short  time,  a  fev;  may  survive  for 
weeks  and  be  sufficient  to  produce  an  epidemic. 

The  proof  that  water  transmits  the  infection  of 
typhoid  fever  is  purely  ciroiunstantial.   The  typhoid  bacilli 
have  been  isolated  from  water  on  only  a  fev/  occasions. 
The  evidence  that  water  is  contaminated  with  the  typhoid 
bacilli  rests  upon  the  isolation  of  the  cdlon  bacilli  as 
an  in'lication  of  fecal  contamination  and  upon  epidemiological 
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studies  which  show  that  the  distribution  of  the  suspected 
water  supply  has  coincided  with  the  outbreak  of  the  dis- 
ease.  The  history  of  the  disease  has  shown  that  in  a 
great  nany  instances  the  purification  of  the  water  supply 
has  resulted  in  a  marked  reduction  in  the  morbidity  rat'i. 

Milk,  or  food  other  than  .ailk,  as  a  means  of  the 
indirect  transmission  of  the  bacilli  is  peculiar  in  tha.t 
the  infection  usually  originates  nith   a  carrier  and  also, 
in  many  instances  ,  these  substances  act  as  a  culture  metHa 
and  pernit  the  multiplication  of  the  bacilli  outside  the 
body.   Sawyer  quotes  an  epidemic  that  occurred  at  Hanover, 
California  where  a  carrier  prepared  a  dish  of  spaghetti 
which  was  allowed  to  stand  over  night  and  then  brojvned  on 
the  following  day,  and  served  to  a  larsre  number  of  people 
of  whom  93  developed  typhoid  fever.   Investigation  shov/ed 
that  the  spaghetti  prepared  in  this  manner  permitted  the 
growth  of  the  bacilli  and  that  the  bro.vning  of  the  food  did 
not  require  enough  heat  to  kill  the  organisms.   Milk,  under 
suitable  conditions  as  to  age  and  temperature,  offers  an 
ideal  culture  media  for  the  growth  and  multiplication  of  the 
typhoid  bacilli. 

The  indirect  transmission  of  the  infection  may 

also  be  accomplished  by  the  m&ins   of  the  clothing  of  the 
patient  or  carrier.   Washerwomen  have  acquired  the  infection 
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by  handlin,'^   the    clothin,^:  or   bed    linen   of   tj'-phoid   patients 

and    even   that  of    carriers.      The    shoes  BK.y  be    contaminated 

with   the  polluted   soil   and  the    infection     transferred  by 

the   hands    from  the    shoes    to    the  mouth. 

It    is   highly  probp.ble   that   a   certain  a^^ount  of 

the   infection   is    transmitted  by  flies   from  infected  feces 

to   the  food.      Studies   of  the   epidemics   that   occurred  during 

7 
the   Spanish-American  War   by  Reed,    Vaughan  and  Shakespeare 

tended  to    show  that    the    transmission  of  the   typhoid  bacilli 

by  this   method  was   probable,    although  no   proof   to    support 

8 
the   hypothesis  was   offered.      Later   the  work  of  Hamilton 

showed  conclusively  that    the   house   fly,   mus ca  doaestica. 

did   contain  the   typhoid   bacillus    in   some    instances,      }9rs 

9 
work  was   confirmed   by  Klein  and  Fricker    .      The   flies   may 

carry  the    bacilli   on   the   exterior   of   theii-   bodies,  or    in 
the  ^Ptstro-intes  tinal    ctnal  from  7/hich  they  are    excreted 
in  the  feces.      It    is    doubtful   if   the   bacilli  multiply  with- 
in the   body  of  the   fly;    but   VlHiipple   states   that,    under  art- 
ificial  conditions,    the   fly   me^y  retain   the  living    bacilli 
in   its   body  for  as    lon^  as   t#enty-three   days. 
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Discussion  of  the  Methods  of  Transmitting  the  Infection 

A  marked  difference  exists  in  the  number  of  cases  of 
tj'phoid  fever  due  to  the  various  methods  of  tranat-itt ing 
the  infection  in  different  epidenics.   Under  the  con- 
ditions that  surround  the  epidemiological  study  of  an 
epidemic   there  is  usually  a  fai-^ly  large  residue  of 
cases  in  i^hich  the  source  of  the  infection  remains  un- 
determined. 
10 

Osborn  ,  in  a  study  of  the  sources  of  the  infection  in 

2007  cases  of  tjj'phoid  fever  occurring  in  Massachusetts 
during  the  years  of  1918-19  found  that  in  only  26.6  per 
cent,  of  the  cases  could  the  source  of  the  infection  be 
shown.   The  data  obtained  in  this  survey  is  presented 
in  Table  Ho.  1. 
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Table  Mo.l 


Sources   of  Infection  of  Typhoid  Fever  6ases  Occurring 


in  Massachusetts   during  the   years   ol    1918-1919. 


ID" 


number 
01..  cases 

.  Total 
.  c&ses 

•i-ercenttge  of  c 
investigated 

ases    ) 

(  Clasiif icction 

3:918 

.  :1919 

•       I 

(  Direct  contsct  v.ith 
(  a  typhoid  case. 

98 

12S 

221 

15.2 

(  By  milk  infected 
(  by  a  carrier 

46 

56 

102 

6.1 

(  By  typhoid  carrier 
(  other  than  milk 

4 

10 

14 

0.8 

(  Milk  infected  by 
(  a  clinical  case. 

6 

0 

6 

0.4 

(  Food  outbreak, proTft- 
(  ably  a  carrier. 

0 

10 

10 

0.6 

(  By  water  containing 
(  large  numbers  of 
(  colon  becilli. 

10 

80 

90 

5.4 

(  Totals 

164 

279 

145 

26.6 

{  Unknown  source 
(  pf  infection. 

588 

6S4 

:^222 

72.4 

(  Totals. 

752 

915 

1665 

100.0 

-               ) 

11 

O'Donnell,   in  a  more  extensive  stvidy  of  the  source 
cf  the  infection  of  tvphoid  fever  in  Massachusetts- -from  1913 
to  1919 — concluded  that  flies,  food  (exclusive  of  milV), 
privies,  end  sewage  were  relatively  unimportant  in  the  spread 
of  typhoid  in  that  State.   He  found  that  few  cases  were  dve 
to  water,  especially  in  recent  years;  and  in  general,  no 
municipal  water  supply  in  the  State  could  be  considered  as 
a  dangerous  source  cf  typhoid  fever, 

O*i:>onnell  further  concluded  that  milk  as  a  means 

of  spreading  the  infection  of  typhoid  fever  was  responsible 

for  8.1  per  cent,  of  the  total  cases  that  had  been   reported 

in  ^Tassachusetts  during  the  preceding  ten  years,  1910  to 

1919  inclusive. 

12 
Hov/ard,      while  naking  a   study  of  the   typhoid   fever 

situation    in  "altimore,    observed  that   a  much  larger  percent- 
age  of  the    cases   in  the    years   1916-1919  were  reported  as   be- 
ing  due   to    contact   than    in   the   years   1916-1917.      He  attrib- 
utes  this   to   the   fact    that  more    complete  histories   of   the 
cases  were   obtained    in   1918-1^)19   than    in   the    tv/o   preceding 
years.      T^e  also  reported  that    in   191">-1917   the    infection  ?;as 
transmitted  by   the  milk   supply   in  4.52   and  7.9  per   cent, 
respectively  of    the   reported   cases;    and  that    in  the  years 
1918-1919,    no    cases  were   found   to   have    been  due  to    this 
source.      This    change  was   probably  due    to   the  enforcement   of 
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a   nevr  ordinance   controllinix   the  milk  supply   in  the   last 
two    years.      The   data  obtained   by  Howard   in  his    study  of 
the    sources    of    infection   in   typhoid   fever    in  Baltimore 
are   shovm    in  Table   !To.^. 
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Table  No«  2 
Sources  of  Infection  of  Tyjjhoia  Fever  in 
Baltimore  during  the  years  of  1916  to  1919.  (12) 


1917  1918  1919 


Sources  of  Percent  Percent  Percent  Percent 

Infection.     Cases   of  cases   Cases   of  cases   Cases   of  cases   Cases   of  cases 


Infected  out 

of  City.        125    16,42      142     26.10      53      17.55      50     17.06 


Contact  with 
recent  cases. 


21      3,86      39      12.58      36     12,28 


Contact  with 

remote  cases.  15     2,75      22      7,90      23      7.84 

Neighborhood 

Infection.  5      1.70 

Spring,  wells, 

and  streams.      4     0,51  12      4.09 

Carriers.  14     1,80  5  1.65 

Milk.  34     4.52       43      7.90 

Laboratory  1  0.33      2      0.67 

Self  infection.  4      0,73      4  1.32 


Probable 
outside. 


16       5.22      24      8.19 


Probable 

inside.  20  6,26  14  4,74 

Unexplained.  597    77.13      319     58.83     l42  47,02  127  43.24 

Totals.  774   100.00      544    100.00     302  100,00  293  100.00 
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Freeman       made   a   survey  of    the    sources   of   typhoid 

infection    in   twenty-four    cities    in   the   Ohio   river   valley   in 
1914-1916.      This    survey    included   the   collection  of    informa- 
tion res-arding  the  prevalence   of   typhoid  fever   dnrin^  the 
five   years  prior   to   this    time    in  all  the   cities   tf   more   than 
25,000  populf'tion    in   the   Ohio   River   valley,   except   Pitts- 
bur  (3-h,    Cincinnati   and  Louisville. 

The   cities  were  rated    in  acccr  dance   with  the 
purity  of   their   public  water   supply  and  the  proportion  of 
the  population   that  were   users   of   the   public    supply. 

Freeman   found  that     in  general   the   typhoid  fever 
death  rates   varied  reffularly   in   inverse  proportion   to    the 
water   supply  rating.      A   summary  of   the  results  obtained 
is   given    in  Table   ITo.S. 


Table  Ho. 5 

Suimnary  of  Water  Supply  Ratings  by  Groups  and  the 

13 
Typhoid  -cever  Death  Rates  for  the  same  Grovps. 


Group 

•    Number  of 

:     Total 

©eath  rete          ; 

rat  ing 

:    cities 

population 

per  100,000  for        : 

of  group 

each  group.           : 

in  1915 

•1910  to  1914          : 

90-100 

8 

847,360 

21.1             : 

HO- 90 

8 

4  59,130 

35.5              : 

70-80 

3 

119,796 

22.3             : 

50-70 

2      : 

171,074     : 

37.7 

0-50 

3 

102,456    : 

47.3              : 
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From  the  observations  made  in  this  survey  Freermn 
concluded  that  the  major  factors  in  the  typhoid  causation 
in  these  cities  were  polluted  water  and  the  improper  dis- 
posal of  human  excreta,  and  that  the  principal  minor  factor 
was  the  lack  of  pasteu-ization,  or  the  improper  pasteuri?:a- 
tion  of  the  milk  supply. 

In  an  investigation  of  a  typhoid  epidemic  in 
14 
Omaha  in  1909-1910  by  Lumsden  ,  it  was  found  that  the  pub- 
lic vvater  supply  had  become  polluted  to  a  dgngerous  extent 
by  se.vage;  and  that  of  103  cases  of  typhoid  fever  studied 
95  per  cent,  had  drank  of  this  water  at  some  time  during 
the  thirty  days  prior  to  the  onset  of  the  disease.   As  no 
other  common  sources  of  the  disease  were  found,  it  was  con- 
cluded that  the  infection  in  this  epidemic  was,  to  a  large 
extent,  water-borne. 

A  study  of  the  typhoid  situation  in  North  Yakima, 
15 
Washin,.?tun  was  made  by  Lumsden    during  the  years  1909  to 

1911,  inclusive.   Lumsden  concluded  that  the  high  rate  of 
the  prevalence  of  typhoid  fever  in  North  vakima  in  the  sum- 
mer and  fall  of  the  years  1909  and  1910  was  due,  for  the 
most  part,  to  the  local  dissemination  of  human  excreta  from 
insanitary  privies ,  privy  vaults,  cesspools,  septic  tanks, 
and  bedsides  of  tne  sick  to  the  mouths  of  susceptible  per- 
sons by  finger.3,  flies,  foods,  and  water;  and  that  the 


amornt  of  infection  introduced  into  the  city  by  the  public 
water  supply,  milk  supply,  fruit  and  vegetables  was  relat- 
ively unimportant.   On  the  other  hand,  during  the  year  of 
1911,  it  was  found  that  in  the  majority  of  the  cases  the 
infection  could  be  traced  to  the  public  water  supply  which 
had  become  contaminated  by   the  addition  of  water  from  a 

local  pond. 

16 
Lumsden  and  Anderson        in   their   stud-r   of    the   origin 

and  prevalence   of   typhoid  fever    in   the  District   of   Columbia 
found   that    in   1906,   and   for    some   years  prior   thereto,   tne 
water   supply  from  the   Poto.'nac  river   v^as   a  factor--and  at 
times,   a  very   considerable   factor — in  the    spread  of   the 
disease.      Filtration  of   the  public   water    supply  was   begun 
in  1906   and   after  ths    autumn  of    1906,    it  played  a  relative- 
ly unimportant  part    in   the  causation  of   typhoid  fever    in 
Washington. 

Investigations   along  other   lines   showed  that   during 
1906,    1907      and   1908,    outbreaks  of   tj'phoid   fever   occu-red 
which  could   be   definitely  traced   to  milk-borne    infections 
in  about    ten  per    cent,    of    the    cases.      It  was   also    found  that 
raw   shell   fish   contributed,    to  a   larf^e    extent,    to    the   prevalence 
of  the   disease    during  the  winter  months;   an-'  that  during  the 
summer  months ,    flies,    raw  vegetables   and   fruits   played  a  def- 
inite   though  minor    -ole   in   the   spread  of   the   disease • 
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As   a   result    of    their   five   years   of   study,    Lumsden 
and   Anderson   concluded   that   the  erreater  part   of    the   typhoid 
fever    in  Washinp:ton  was   derived  from  the  dejecta   of   typhoid 
fever   patients   and   typhoid    carriers  within   the   city  and 
spread  by  means  of   milk,    green  vegetables   a.T"!  other  foods, 
and   by  fingers   aid   flies. 

IXirin/r   the   years   that   have    elapsed  since    it   'jvas 
discovered  that    typhoid  fever   v;as   an    infectious    disease   and 
that    it   y/as   transmitted   in  the    excreta  of   the   human  body, 
innumerable    epide^.io logical   strdies   have    been  made   to    de- 
termine  the  routes    by    vhich  the    infection   traveled  from  the 
sick  to   the    Trell.      It   would   be    impossible   to   cite    even  a 
S":all  portion  of   them    here.      The   fev/  that   have    been  mentioned 
have   been    quoted   to  show  the   .vide  v&riaticn   In   the   modes   of 
transmission  o^   the    infection.      It   would   be   futile   to   at- 
tempt  to   ascribe  any  definite  percentage  of   the    cases  to   any 
one   source   of    infectioa.The   source   of  the    infection   in  every 
epidemic   depends   upon   the    local  sanitary   conditions   and   any 
epidemiological   study  must    take    into   considerrticn  all  the 
factors    that    bear  upon   the   possible  means   of   transmitting 
the    infection   in   that  particular    community. 

It    is   noteworthy,    however,    that    in    recent    years 
the    steady   year-to-year    incidence   of  urban   typhoid  fever    is 
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usuallj''  due    to   other    causes  than  that   of   v/ater-borne    in- 
fections.     This    condition  may  be   attributed  to    the    fact 
that   the   public    is   gradually  beinp   tauffht   that  the    disease 
can,    to    a   larre   extent,    be    controlled  by   the  purification 
of    the  water    supply  and  the   r-roper   disposal  of   the    sewage. 
Also    the  water   supply   and  the  sewage    disposal   system  of   a 
com.^aunity  are  usually  under   the    di^^ect    supervision   of  pub- 
lic  officials   while   the    sanitation  of   local  premises   and 
the   handling  of   food   supplies   are  more   largely  a  personal 
matter. 

Varying   estimates   have   been  made  as   to    the    amount 

of   typhoi'^   fever   that    is    f^ue    to    causes    other  than    contamin- 

13 
ated  v;ater.      Freeman        st-'tes   that    the    installation  of   uni- 
versal  sewerage    in   the   presence   of  a   pure  water   supply  will 
reduce   the  typhoid   fever   defith   rate   to   about    10   per   100,000 

population   in  the   northern  cities   an''    to  about    SO  per 

17 
100,000    in  the   southern  cities.      Johnson     estimates   that 

pure  water   supplies    and  efficient   sewage    disposal  will  re- 
duce  the    typhoid   death  rate   to    about    14  per   100,000  pop- 
ulation. 

Explosive   outbreaks    of   tj'phoid   fever  have   occurred 
frcm  time   to   time;    and    in  the   majority  of   such   epidemics, 
the  source   of    the    infection  was    traced   to   polluted  v;ater 
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supplies,  due  to  the  lack  of  pu.:'if ication,  or  the  ineffic- 
ient purification  of  the  v.ater  supply. 
18 
Horton  investigited  an  epidenic  at 'Herkimer, llew 

York,  and  found  that  155  cases  of  typhoid  fever  occurred 
hetveen  September  first  and  Decemher  first,  due  to  the 
use  of  unpurified  water  from  an  canal. 

i^nother  instance  of  this  type  is  an  epidemic  v;hich 
occurred  at  Tonowanda,  Kev^f  ^ork,  in  the  summer  of  1919, 
when  2S6  cases  of  typhoid  fever  were  reported,  following 
the  breaking  of  the  intake  pipe  of  the  water  system  and 

the  admission  of  polluted  water  to  the  mains.   The  epidemic 

19 
was  immediately  checked  by  chlcrination  of  the  wster  supply. 

In  an  epidemic  in  which  the  primary  infection  is 
water-borne,  it  does  not  necessarily  follow  that  the  v.ater 
must  have  been  drunk  by  every  person  who  eventuelly  contract- 
ed typhoid  fever  dizring  the  cotirse  of  the  epidemic.  The  v.ater 
that  is  used  to  v;ash  vegetables,  fruits, or  utensils  used 
in  caring  for  the  milk  supply  may  transmit  the  infection. 
iilso,in  coramuiiities  where  the  standa.'ds  of  sanitation  are 
low,  an  epidemic  that  wis  originally  due  to  the  temporary 
contamination  of  the  water  supply  may  become  an  epidemic  due 
to  the  transmission  of  the  bacilli  by  food, or  by  direct  or 
indirect  contact  with  the  primary  or  secondary  cases  of  the 
disease • 

In  the  majority  of  the  cities  of  the  United  states. 


the  purif icetion  of  the  v.ater  supply  and  the  proper  dis- 
posal of  the  sewage  are  effective  in  preventing  the  trans- 
mission of  the  typhoid  bacilli  hy  these  means.  Neverthe- 
less, in  practically  all  cities,  there  occurs  a  fairly  con- 
stant annual  typhoid  fever  death  rate.   This  is  the  so-called 
residual  or  endemic  typhoid  fever  and  its  occurrence  must 
he  attributed  to  sources  other  than  the  water  supply.   Of 
recent  years,  it  has  "been  shown  that  the  endemic  typhoid 
fever  is  largely  a  question  of  contact,  direct  or  indirect, 
with  patients  or  carriers. 

Carriers. 

Epidemiological  studies  have  shown  that  in  many 
communities  the  carrier  of  the  typhoid  bacillus  is  respons- 
ible for  the  production  of  a  small  though  fairly  constant 
number  of  ceses  of  typhoid  fever  each  year. 

From  the  standpoint  of  the  transmission  of  the 
disease,  the  carriers  may  be  diirided  into  two  general  classes; 
i.e.,  those  that  eliminate  the  bscilli  in  the  feces  and  those 
that  eliminate  them  in  the  urine. 

In  the  former  class  it  has  been  fairly  weil  estab- 
lished that  the  foci  of  infection  are  located  in  the  intes- 
tinal tract  or  its  appendages,  usually  in  the  gallbladaer; 
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v;hile  in  the  latter,  the  source  of  the  infection  is  situat- 
ed somewhere  along  the  urinary  tract,  usually  the  kidney. 

Other  foci  of  minor  importande  may  exist  in  various 
parts  of  th^e  body,  as  in  the  c&se  of  periostitis  or   otitis 
'nedia   due  to  infection  vith  the  typhoid  bacillus. 

The  majority  of  the  carriers  present  a  history  of 
having  had  typhoid  fever  at  some  time;  but,  nevertheless, 
a  considerable  number  are  found  who  have  no  ktioivledtre  of 
ever  having  suffered  from  the  disease  although,  in  these 
cases,  there  is  always  the  possibility  that  a.  mild  or  abort- 
ive case  of  tj'phoid  fever  passed  undias^nosed  as  such;  or 
that  a  case  of  typhoid  fever  was  diagnosed  as  some  other 
disease. 

The  relation  of  the  carrier  to  an  actual  attacft 

of  the  disease  pe-^mits  of  still  further  classification. 

20 
Sacquepee   has  classified  typhoid  carriers  as  follows  : 

Group  !_.   Precocious  or  incubation  carriers. 
These  consist  of  those  individuals  who  have  ingested  the 
typhoid  bacilli  and  are  beginnin;T  to  eliminate  them  without 
having  as  yet  shc.vn  any  symptoms  of  typhoid  fever. 

Group  II.  Carriers  that  have  recovered  from  ti'phoid 
fever,  who  ma,y  be  subdivided  in  respect  to  the  duration  of 
carrier  state. 
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A,      Convalescent  carriers.   individuals  who 
eliminate  the  bECilli  up  to  three  months  after  recover-'. 

B_,  Chronic  carriers.  Individuals  who  elim- 
inate the  bacilli  from  three  months  after  recovery  to  indef- 
inite periods  of  time. 

Group  .III..   Healthy  or  paradoxical  carriers,  with 
no  history  of  typhoid  fever. 

It  is  very  difficult  to  estimate  the  number  of  ty- 
phoid carriers  that  are  preseit  in  the  general  loc-otilat ion  of 

21 
the  country.   Gay   estimated  that  five  per  cent,  of  the  recov- 

10 
ered  cases  of  typhoid  fever  become  chronic  carriers.  Osborn 

found  that  in  I'fassachusetts  in  1919  the  recovered  cases  yield- 
ed 1.4  per  cent,  of  carriers;  and  O'Donnell ,  .vorkint?  in  the 
same  State,  estimated  that  about  2  per  cent,  of  the  recovered 
cases  become  carriers. 

The  laborious  '^'^thods  required  for  the  detection 
of  carriers  by  means  of  laboratory  tests  practically  prohibit 
a  survey  of  the  entire  community  for  carriers.   Some  of  tne 
factors  that  tend  to  preveit  the  detection  of  the- tj'-pho  id 
carrier  are  the  intermittent  excretion  of  the  bacilli,  the 
difficulty  of  isolating  the  bacilli  from  the  stools  and,  in 
a  certain  number  of  cases,  the  absence  of  any  history  of  an 
attack  of  typhoid  fever.   Epidemiological  studies  will  reveal 
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only  those  responsible  for  active  cases;  an^i  consequently, 
these  are  usually  the  only  ones  ap^:rehended,  with  the  except- 
ion that,  in  a  few  instances,  food  handlers  are  examined  bac- 
teriologically  and  carriers  detected  by  this  method. 

It  has  been  shown  that  a  certain  numbe-^  of  persons 
will  excrete  the  bacilli  durinfj  the  incubation  period  cf  the 
disease,  and  constitute  a  particularly  dangerous  source  of 
infection  as  the  fact  that  they  are  car-"iers  is  never  suspected 

Many  of  the  recovered  cases  continue  to  excrete 
the  bacilli  for  a  varyint?  length  of  time  after  recovery  but 
eventually  f-.e  elimination  of  the  bacilli  ceases.   These  con- 
stitute the  so-called  temporary  carriers.  Recovered  cases 
that  cease  to  excrete  the  bacilli  within  three  months  after 
recovery  are  usually  referred  to  as  temporary  carriers;  while 
those  tnat  continue  to  eliminate  the  bacilli  after  this  period 
of  time  has  elapsed  are  designater'!  as  chronic  carriers. 

From  time  to  time  surveys  have  been  made  to  de- 
termine, in  so  far  as  the  methods  at  hand  v/ould  permit,  the 
percentat^e  of  typhoid  carriers  in  the  general  population  of 

the  different  communities.   The  results  of  three  such  surveys 

22 
are  given  in  Table  4. 
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Table  No, 4 

Occurrence  of  Typhoid  Carriers  in  the  General  Population, 


.•Author 

Date 

:Locality 

Persons 
examined 

Percentage  of          : 
carriers             : 

rRosenau      : 

• 

.'Lumsden   and 

rKastle        : 

1909 

ll?ashinjton 

993 

0.30                     : 

rPriffge        : 

1909 

Saarbrucken 

10,841 

0.29                     : 

tMuller,    P.T. 

1916 

Ger-aany 

20,019 

0.80                     : 

NOTE.   These  include  typhoid,  paratyphoid  and 
dysentery  carriers. 


Gay  states  that  an  estimate  of  threo  carriers 
per  1000  in  the  general  population  must  be  regarded  as  ex- 
tremely conservative  when  the  intermitfcence  of  the  carrier 
state  and  the  difficulties  in  detecting  the  bacilli  in  the 
excreta  are  conside-:"ed. 

I>uring  an  intensive  antityphoid  campaign  conducted 
in  the  Trier  district  in  Germany  from  about  1904  to  1918, 
seventy-one  carriers  were  detected. 

Diiring  the  world  War,  efforts  were  made  in  many  of 
the  organi?:aticns  of  the  United  States  army  to  examine  food 
handlers  for  the  presence  of  typhoid  carriers.   Ninety-eight 
carriers  v/ere  reported,  but  the  number  of  the  Sen  examiiie:d  is 
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24 
not  known. 

The  relation  of  the  carrier  state  to  the  history 

of  previous  typhoid  is  important  because  of  its  bearing 

upon  the  results  of  an  epidemiological  study  of  the  epidenic, 

25 
Osbcrn  and  Beckler   found  that  of  the  13  carriers  discovered 

in  Massachusetts  in  1919,  3  gave  a  negative  history  of 

typhoid  fever. 

The  history  of  previous  typhoid  fever  given  by  71 

carriers  during  the  anti-typhoid  canpaign  in  the  Trier  dis- 

23 
trict  in  Germany  is  outlined  in  Table  No. 5. 

Table  No. 5. 
History  of  Previous  Typhoid  in  71  Carriers. 


History 


Humber  of 
cases. 


No  history  of  typhoid 3 

Doubtful  history  of  typhoid  16 

Typhoid  less  than  six  months  before  12 

Typhoid  between  six  and  twelve  months  before  9 

Typhoid  between  one  and  two  years  before  6 

Typhoid  between  two  and  five  years  before  6 

Typhoid  between  five  and  ten  years  before  7 

Typhoid  more  than  ten  years  before  12 

Total  71 
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If   the    carrier    state    can   exist    In  the   presence 
of   the    irrurrunity   confer>-ed  by   an  attacV  of   trie    disease,    it 
can   be   assumed  that    should   a  person  who   has    been  artific- 
ially  imiiuniTied  against    typhoid   fevr    by  vaccination      invest 
the   typhoid    bacilli      he   rnsy   beco£ie   a   carrier   and   thus    in- 
crease the   number   of  the    carriers  who    do   not  present   a  his- 
tory  cf  an  attack  of   the    disease. 

The    importance   cf    this    type   cf    carrier    is   obvious 
when  the    difficulty  of   exaraininK   every  person   In  the   com- 
munity   is    compared  with  that    of    exaniining  only  these   that 
present   a  histo->"y  o^   an  attack  of   typhoid   fever. 

The    importance   cf   the    typhoid   carrier   as   a   source 
of    infection    is    bein^-   emphasized  nc^e   and  more    In   the   stud- 
ies  of   endemic   typhoid   fover.      The   amount   cf    harm  that   a 
carrier  may   cause   depends  upon  his    relation   to   the    lives   of 
others.      As   a  riole,    he    transmits   the    infection   by   contamin- 
ation cf    food    supplies,    and   he    is   responsible   for   tlie  occur- 
rence of    Individual   esses   or   epide- ics    in  accordance   with 
the    intimacy  of  his   contact   with  others   and  his   occupation. 

The   percentage   of    the  total   number   of    the    cases 
in  any   epidemic  that   are  due    to    typhoid   carriers   will   vary 
according  to    the   nature   of   the    local  sanitation   and   the 
customs   cf    the   people.      This  percentage   has    been   estimated 
at    from  20  to   30  per   cent.    In  ^^urope ;    while    in  this    country, 
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25 
Osborn  and  Beckler   estimate  t})at  at  present  more  than  one- 


half  of  the  cases  ^"  '""asyachusetts  are  dv(^.    to  typhoid  car- 


In 
10' 
riers,  and  Osborn   is  of  the  opinion  that  the  purely  endemic 


typhoid  fever  in  Massachusetts  is  v;holly  due  to  carriers. 

According  to  the  laboratory  records  of  the  71 

car-'-iers  in  the  district  of  Trier,  Germany,  the  following 

relationships  with  regard  to  secondary  case^;  v.ejje  ezhilolted; 

30  of  the  71  gave  no  secondary  cases  before  the  carrier 

state  was  determined;  42  of  the  71  gave  no  secondary  cases 

after  the  carrier  state  was  determined;  21  of  the  71  gave  no 

secondary  cases  either  before  or  after  the  carrier  state 

was  determined;  41  of  the  71,  before  the  carrier  state  v/as 

determined,  gave  76  direct  secondarv  cases  and  58  indirect;-* 

a  total  of  134  cases,  or  3.2  cases  per  carrier;  29  of  the 

71,  after  the  carri^--  state  was  determined,  gave  55  direct 

secondary  cases  and  41  indirect;   a  total  of  96  cases,  or 

3.3  cases  per  carrier. 

Thus  the  71  carriers  have  been  interpreted  as 

causing  230  cases  of  typhoid  fever.   x^  the  rates  are  com- 
pared for  the  secondary  cases  per  carrier,  before  and  after 
detection,  it  would  appear  that  the  determination  of  the 
carrier  state  had  not  d-ian^ed  the  rate.   It  is  impossible  to 
say  how  many  neu   cases  each  carrier  was  responsible  for 
•before  the    •  carrier  state  was  determined  ,  but  it  is  prob- 
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able  that  it  was  much  greater  than  was  absolutely  proven. 

But  after  the  carrier  state  was  deternined  and  his  location 

made  a  matter  of  record   the  number  of  cases  at'ributed  to  him 

while  net  complete  is  much  more  nearly  accurate. 

That  in  certain  instances  explosive  outbrea>«  of 

ti^phoid  fever  have  been  due  to  carriers  is  well  known.   An 

26 
exar-rple  of  such  an  outbreak  is  one  reported  by  Leake   as 

having  occurred  at  Hopev/ell,  Virginia  in  July  1920.   Here 
ninety  persons  partook  of  a  dinner  for  v/hich  a  portion  of 
the  food  had  been  prepared  by  a  cook  who,  at  the  time,  was  in 
the  incubation  stagp  of  typhoid  fever.   Subsequently,  from 
5  to  23  days  after  the  dinner  49  of  the  90  persons  became  ill 
enough  with  the  clinical  symjitoms  of  typhoid  fever  to  be  con- 
fined to  bed,  and  one  fatality  resulted.   There  were  nine 
other  cases  of  illness  of  from  3  to  17  days'  duration  which 
were  not  severe  enough  to  war-^ant  confinement  to  bed.   If  all 
the  cases  are  assumed  to  be  typhoid,  the  incidenceof  the  in- 
fection would  be  64  per  cent.  This  series  of  cases  afford 
an  example  of  an  epidemic  traceable  to  a  carrier  of  the  incub- 
ation or  precocious  type. 

The  percenta*Te  of  the  cases  that  can  be  attributed 
to  carriers  has  increased  in  recent  years.   This  increase 
is  due  in  part  tc  increased  efficiency  in  the  methods  of  de- 
tecting the  carrier^ but  more  tc  the  fact  that  the  reduction 
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of  the  incidence  of  typhoid  fever  has  been  Inr^-ely  at  the 
expense  of  the  water-borne  infection.   Garbat   has  estimated 
that  55  per  cent,  of  the  typhoid  fever  of  oo-day  can  be 
traced  to  carriers,  directly  or  indi'-ectly. 

The  Preve^ntion  or  Control  of  Typhoid  Fever . 

The  control  or  the  prevention  of  typhoid  fever  in- 
volves the  control  or  the  elimination  of  the  means  of  trans- 
mitting the  infection  from  the  patient  or  carrier  to  the 
non-imm-une  person. 

The  primary  source  of  the  infection  in  typhoid 
fever  is  al.vays  another  case  of  the  disease,  or  a  carrier; 
but  the  methods  of  prevention  employed  at  the  present  time 
admit  of  the  classification  of  the  means  of  transnitting 
the  infection  to  a  susceptible  person  into  t/^o  general  class- 
es: the  water-borne  infection  and  the  infection  transmitted 
by  contact.   The  latter  class  can  be  subdivided  into  direct 
and  indii-ect  methods  of  transmission. 
Classification: 

1.  Water-borne. 

2.  Contact  with  carrier  or  patient. 

(a)  Direct  contact  by  means  of  fint^ers,  etc. 

(b)  Indirect  contact  by  means  of  milk, food  other 
than  milk,  flies,  clotning,  etc. 
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The  results  cf  a  large  number  of  studies  of  the 
typhoid  situation  have  indicate"!  that  the  first  step  to  be 
ta^'en  in  the  control  of  the  disease  is  usually  that  of  water 
purification  and  proper  sev/age  disposal.   An  analysis  cf 
the  literature  on  tha  various  methods  of  trans<aitting  the  in- 
fection affords  evidence  that  the  major  portion  of  the  in- 
cidence of  typhoid  fever  in  the  past  has  been  due  to  water- 
bcrne  infections;  but  that  many  coiTinunities  have  reached  a 
point  tc-day  where  the  proper  attention  to  the  purification 
of  the  water  supply  and  the  effective  disposal  of  the  sewage 
has  eliminated  this  source,  anf^  that  the  residual  or  endemic 
typhoid  fever  that  remains  is  mainly  due  to  contact,  direct 
or  indirect,  with  patients  or  carriers. 

Purification  of  the  water  supply  offers  the  simplest 
and  most  effective  method  of  reducing  the  incidence  of  typhoid 
fever  to  a  certain  point,  generally  considered  to  be  between 
10  and  20  deaths  per  100,000  population  per  year.   The  re- 
duction of  the  typhoid  rate  beloj/  10  per  100,000  is  accompan- 
ied by  many  difficulties  and  the  progress  is  slow.   The  meth- 
ods of  effecting  a  further  reduction  consist  mainly  of  the 
prevention  of  the  spread  of  infection  by  direct  or  indirect 
contact  with  active  cases  or  with  carriers.   This  involves 
the  detection  and  control  of  each  case  of  typhoid,  mild  or 
severe,  and  of  each  carrier.   It  necessitates  the  supervision 
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of  the  production  and  distribution  of  milk  and  other  food 
supplies, and  the  sanitation  of  the  privies, £,n('  the  prevention 
of  access  hy  flies  to  infectious  materials. 

The  reduction  of  the  incidence  of  the  water-horne 
typhoid  fever  in  a  city  hy  means  of  the  purification  of  the 
vater  supply  depends  largely  upon  the  number  of  the  inhabit- 
ants that  use  the  purified  supply.  However, once  the  pure 
water  supply  is  installed, the  use  of  the  wells  and  private 
supplies  within  the  radius  of  the  distribution  of  the  public 
v/ater  supply  will  gradually  be  abandoned.  Consequently, in 
most  cities  the  typhoid  fever  due  to  water-borne  infection 
can  be  practically  eliminated* 

The  effect  produceo  upon  the  public  mine   by  the 
marked  reduction  of  typhoid  fever  by  the  proper  handling  of 
the  water  supply  will  generally  aid  the  health  authorities 
in  the  enforcement  of  other  measures  which  have  for  their 
purpose  the  reduction  of  the  incidence  of  typhoid  fever  due 
to  other  causes.   In  addition  to  the  still  further  extension 
of  the  Tsater  supply  and  sewerage, such  measures  usually  in- 
clude the  control  by  the  health  department  of  the  milk  sup- 
ply, the  location  and  control  of  carriers,  and  the  elimina- 
tion of  insanitary  privies,  together  v/ith  such  other  measiires 
as  may  be  necessitated  by  the  local  conditions.   The  grad- 
ual reduction  in  the  n^araber  of  dealhs  due  to  endemic 
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typhoid  fever  by  these  measures  of  control  is  3ho.7n  in 
the  charts  of  the  typhoid  fever  death  rates  of  Philadelphia, 
Colunbus,  Cincinnati  and  Baltimore.  (Charts  Hos.  1,  2,  3, 
and  4 ) . 

The  general  effect  of  the  purification  of  the  water 
supply  upon  thn  typhoid  fever  death  rate  in  these  cities  was 
the  sarie;   i.e.,  that  of  effecting  a  marked  reduction;  but 
the  decrease  varied  to  a  considerable  degree  in  the  differ- 
ent cities.  Of  the  four  cities  cited,  Cincinnati,  Philadel- 
phia and  Columbus  show  an  abrupt  decrease  in  typhoid  fever 
death  rates;  while  in  Baltimore,  the  decrease  was  not  so  pro- 
nounced.  T^e  results  obtained  in  the  three  former  cities  in- 
dicate that  the  infection  was  water-borne  for  the  larger  part; 
while  in  Baltimore,  it  was  evident  that  factors  other  than 
water  played  an  important  role  in  the  transmission  of  the 
disease.   The  mere  gradual  decrease  in  the  typhoid  death  rate 
ths.t  tcck  place  in  these  cities  in  the  years  tuat  followed 
the  purification  of  the  water  offer  typical  examples  of  the 
difficult iesthat  are  involved  in  the  eradication  of  the 
sources  of  infection  that  produce  the  purely  endemic  typhoid 
fever. 

The  enforcement  of  proper  laws  for  the  pasteurization 
of  all  the  milk  aold  in  the  city  would  place  an  effective  block 
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bet.ve'^n  this    source  of    infection  and   the   non-irmTiune   con- 
sumer.     This    is  well   illustrated   in   the   case   of   Baltimore 
where   4.52   per   cent,    of    the  cases   of   typhoid   fever  reported 
in   1916  ,  and  7.9  per    cent,    of    those  reported    in   1917   were 
directly   traceable    to    the  milk  supply  and   following  the  put- 
ting  into    force   of  a   suitable    tiilk  ordinance    in   1"17,    no 
cases   of   typhoid  fever   due   to    this   source   occurred   in   I'^lfi 
or   1919. 

The  presence   of    insanitary  privies    in  a    city   is 
also   an    ii-iportant    factor    in  the    *-ransTiiS3  ion   of    the    infection 
and   the   elimination  of    such  privies   has    been  effective, in 
some    instances,    in  prodi;cinj:^  a  marked  decrease    in  the   typhoid 
fever   dey.th  rate.      At    Jacksonville,    Florida,    a   large  number 
of    insanitary  privies   were   to    be    found   prior   to    1911.      Dur- 
ing that   year,    a   larf^e   proportion  of   these  privies   were   elim- 
inated or   rendered   fly-proof.      This   measure   was    folio ^ved  by 
a  mar1<B  d   reduction   in  the    death  i-ate   from  typhoid  fever, 
the   rate   falling-  from  102.3   per   100,000    in   1910    to  iJl.! 
in  1912. 

The  official    supervision   of    the   production  and 
distribution  of  rav;  vegetables,   shell   fish  and    similar   foods 
would  tend  to   prevent   the  occurrence   of   the    disease,    dv-^    to 
transr-iission  of   the    infection  by  these   means. 
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In   the  last  analysis,  the  control  of  endemic  ty- 
phoid fever  is  the  control  of  the  typhoid  carrier  and  the 
typhoid  patient.   An  effective  control  of  the  carrier  or 
the  patient  involves,  firat  of  all,  their  detection,  and 
then  adequate  supervision. 

The  detection  of  the  typhoid  patient,  which  is 
comparatively  simple,  means  th"  prompt  diagnosis  and  report 
cf  all  cases  of  typhoid  fever,  both  the  mild  or  abortive 
type  and  the  more  severe  cases.   Once  reported,  these  cases 
can,  in  most  cities,  be  adequately  controlled  by  the  exist- 
in  2-  laws . 

The  first  step  in  the  detection  of  typhoid  carriers 
should  be  the  requirement  that  the  feces  and  urine  of  all 
convalescent  typhoid  patients  be  exarnine  d  for  the  presence  of 
the  typhoi'?  oacilli  at  frequent  intervals  durin^j  convales- 
cence and  after  recovery  until  it  can  be  determined  that  the 
individual  is   or  is  not  a  carrier. 

The  measures  that  would  be  necessary  for  the  de- 
tection of  the  chronic  carrier  in  the  general  population 
render  their  isolation  extremely  difficult  and,  to  a  l&r,:-e 
extent,  impractical. Even  the  detection  of  such  ch:iX)nic  car- 
riers as  mi^'-ht  be  connected  with  the  food  supply  of  the  in- 
habitants of  a  city  would  involve  not  only  the  recognized 


meHsures  of  examining  those  whose  vvork  necessitated  the 

handling  o^  the  milk  sujiply  aid  the  food  served  in  -r-estaur- 

ants  and  hotels,  but  also  the  examination  of  all  housewives, 

servants,  nurses,  wc-^kersin  shops  and  stores  that  scld  food 

supplies,  inakers  and  purveyors  of  confections  and  many  others. 

If  all  the  carriers  connected  in  any  manner  with  the  food 

supply  could  be  detected,  there  .vould  still  remain  a  certain 

number  in  other  occupations  who  could  transmit  the  infection 

by  other  neanSjSuch  as  clothing. 

Once  the  carrier  is  located,  the  question  of  his 

supervision  and  control  arises.   When  only  a  s  :all  number 

have  been  located,  their  employment  in  positions  where  harm 

will  result  because  cf  such  employment  can,  in  general,  be 

prevented.   Up  to  and  including  1910,  Baltimore  had  24  car- 

12 
riers  under  control  of  the  Health  "Oepartment   and  the  State 

10 
of  ^Massachusetts  had  located  51. 

It  is  almost  impossible,  under  the  present  condi- 
tions, to  ma>e  even  an  approximate  estimate  of  the  number  of 
carriers  that  could  be  expected  to  be  present  in  the  popu- 
lation of  any  city.   It  is  pro^oible  that  5  per  1000  of  the 
generr-d  population  would  be  a  conservative  estimate.   Assum- 
ing th-'t  this  figure  is  correct,  the  population  of  Baltimore 
would  contain  2500  carriers.   The  attempt  to  control  this 
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nuiiber  of  carriers  by  the  supervision  of  their  employment 
and  the  restriction  cf  such  e^nploj^m^nt  to  positions  '^here  they 
could  not  transnit  the  disease  to  others  .vould  assume  the 
aspects  cf  an  important  economic  proble'^i. 

The  law  of  New  York  is  a  ti^jical  exanple  of  the 
le^^al  restrictions  that  can  be  placed  upon  the  proven  ty- 
phoid carrier  at  the  present  tim^. 

This  lav  defines  a  typhoid  carrier  and  dir-scts 
that  upon  the  detection  of  such  a  carrier,  the  local 
health  officer  shall  report  the  case  to  the  State  Health 
Department,  o;iving  the  full  name,  age,  address  and  occu- 
pation of  the  carrier  and  shall  infcr.i  hira  or  his  -guardian 
that  he  is  a  carrier  and  issue  certain  instructions  as  to 
the  precautions  that  he  shall  take. 

Section  3  provides  that: 

Wltien   an  outside  toilet  is  used  regularly  by 
tho   typhoid  carrier,  it  shall  be  equipped 
with  a  watertight  container  so  screened  as 
to  excludd  flies;  and  the  removal  of  the 
contents  for  disposal  should  oe  in  accord- 
ance with  the  instructions  issued  by  the 
health  officer. 

Section  ^_  provides  that: 

No  typhoid  carrier  may  enga^re  in  anj'  occupa- 
tion involvinj^:  the  handling  of  milk  or  other 
food  product  to  be  consumed  by  others.   Should 
a  typhoid  carrier  be  discovered  upon  a  daity 
farm,  the  health  officer  may  prohibit  the 
s?le  of  the  milk,  cream  or  butter  except  under 
the  conditions  stated  in  the  qanitary  Code. 


Section   5  provides  iihat : 

No   typhoid    carrier   shall  periTienently   l'?ave 
the  coTTiTTiunity   in  which  he   resides   without 
notification   to    the   health  officer   vao    is 
to    be    inforraed  of   his    deat ination,    inclu:!- 
ing  his  ne^v/  address.      The   health  officer 
should   iamediately  notify  the  State  Health 
Department   of  the   change   cf   address. 

Section   6_j)rovides   that: 

The    local  health  officer   shall  visit    each 
typhoid   ca->^rier   >.vithin  his    jurisdiction  at 
least   once  monthly   in  order   to   deter^Tiine 
•whether  his   instructions   are   being  complied 
with;    and  once   each  quarter   shall  render  a 
report   regarding   such   carrier   to   the   State 
■^•epart'Tient   of  wealth,   upon  a  form  prescrib- 
ed  for   that  purpose. 


Sectio_n  2.  provides    that; 

The   health  officer  shall   cause   sa^nples   of 
the      discharges  from  each  carrier   to   be   ex- 
amined bacter^logically  at    intervals   at   a 
laboratory  approved  by   the   ntate   "nepartment 
of  Health,    and  a   carrier  may    be  regarded 
as  recovered  and   be   discharged  frora  observa- 
tion when   four    successive   samples   taV'^n 
not    less   then    seven   day=    apart,    shall  have 
be-'^n  found  not   to   contain  tx'phoid   bacllli;- 
except   that    no   negative  report   shall   be 
considered   if  the  speci'nen  has    be^n   delayed 
in  transit;    and  in  no    instance,    if   more   than 
two    days  have   elapsed  betvveen  the    collection 
of   the   specimen  and    its   examination. 

It   v;ill   be   noted  that    the    above   lajv  prohibits 
specifically   and   provides   penalties    for   only  the    employment 
of  a   carrier    in  the  handling    of   milk  or  milk  jjro ducts.      This 
leav^es   open  mr5ny   channels   whereby  the  carrier  ma,y  transmit 
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the  infection  to  o^-hers. 

It  is  probable  that  even  ^vith  the  mild  restric- 
tions i^nposed  upon  the  carrier  by  this  law  ^vould  be  very 
difficult  to  enforce  in  &,ny  considerable  nunber  of  cases. 
No  iB.'ff   can  be  widely  enforced  unless  it  is  sustained  by 
public  opinion  and  the  education  of  the  public  up  to  the 
present  time  has  not  been  such  as  to  lead  to  the  forr:ation 
cf  public  opinion  in  f'svor  of  ■^restricting  an  individual 
vyhose  only  crime  is  that  he  is  a  carrier  cf  the  typhoid 
bacillus. 

In  the  majority  of  cases,  the  spread  of  the  in- 
fection can  be  contrclle'^  m^ch  mere  e'"fectively  by  secur- 
ing the  cooperation  of  the  carrier  and  his  relatives  than 
by  legal  measu'-es  alone. 

Vario\:s  methods  cf  treatment  have  oeen  advocated 
from  time  to  time  in  attempts  to  cure  the  car^-ier  state. 
No  aiethod  hs.s  as  yet  been  devised  that  m  11  cure  every  caije. 
The  removal  of  th'-  gall  bladder  sec  s  to  be  the  most  effect- 
ive in  the  treatment  cf  the  intestinal  carrier;  while  in 
the  urinary  carriers,  the  removal  cf  the  infected  kidney 
has  been  successful  in  some  cases. 

It  is  evi-ient  that  the  present  methods  cf  con- 
trol of  carriers  and  the  consequent  contact  infections  will 
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not  permit  the  complete  eradicst icns  cf  typhoid  fever. 
An  irred\;cible  amcunt  cf  endemic  typhoid  fever  will 
remain  as  long  as  the  carriers  of  the  disease  and  non- 
immune persons  are  allowed  to  come  into  direct  or  in- 
direct contact. 

In  addition  to  the  ccntrcl  of  the  factors  that 
permit  the  typhoid  bacilli  to  reach  the  ncn-imTiune  indiv- 
idiial,  there  still  remains, as  an  eleme-^t  of  protection, 
the  method  of  rendering  the  individual  immune  to  the  in- 
fection, i.e.,  vaccination  v/ith  typhoid  vaccine. 

Vaccination  against  typhoid  F_e v er  . 

The  basis  upon  ;/hich  the  practice  of  antityphoid 
vaccination  has  been  built  is  the  observation  that  an  attack 
cf  typhoid  fever  confers  an  immunity  which  affords  protection 
to  a  greater  or  less  degree  against  subsequent  attacks  of 
the  disease. 

The  harmlessness  of  inoculating  the  killed  typhoid 

bacilli  into  a  human  being  was  demonstrated  in  the  year  1R96 

9.9 
by  Wright  in  England,  and  Pfeiffer  and  Kolle ,     in  Germany. 

In  1897,  "bright  suggested      the  use  of  the  vaccine  as  a 

preventive  measure  in  the  British  Army  and  in   hospitals.  This 

marks  the  beginning  of  the  use  cf  vaccine  to  prevent  typhoid 

fever. 
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Soon  after  came  the  3oer  war  in  1900,  and  the  use  of 
the  vaccine  among  the  British  troops  der,tined  for  South  Africa 
was  autnoriJ^ed  by  the  British  War  Office.   From  the  year  1900 
to  1903   there  were  19,096  British  soldiers  vaccinated,  ac- 
cording :-o   available  statistics. 

When  the  morbidity  and  mortality  rates  for  the  vac- 
cinated and  unvaccinated  British  soldiers  in  the  South  African 
campaign  end  for  the  American  soldiers  in  the  Spanish- American 
war  are  compared,  it  will  be  seen  that  the  rates  are  decidedly 

lower  among  the  vaccinated  men  than  among  the  unvaccinated. 

30 
The  results  observed  are  tabulated  in  Table  No. 6. 

•   Table  Ho . 6 


'omparison  of  the  ''Torbidity  and  Mortality  Rates  of  Typhoid 
Fever  among  Vaccinated  and  Unvaccinated  Soldiers. 


_ 

Morbidity 

Mortality 

•Total 

rate 

rate 

strength 

Cases 

per  1000 

•Deaths 

per  1000 

: British  Army 

:Boer  War 

:i900-1903 

380,605 

57,684 

151.56 

•  P.022 

21.08 

: American  Army 

: Spanish-Americar 

:    War 

107,973 

20,738 

192.60 

1580 

14 .  52 

'•  Vaccinated  nen 

•    Boer  War 

19,096 

226: 

11.84 

39 

2.04 
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In   spite   of   the   low   rates  amon,K   the  vaccinated 
solrtiers  many  adverse   reports  were   received   by  the    British 
War  Office   ref^ardlng   the   use   of   vaccine   for   the   prevention 
of   typhoid   fever  among   the   troops;   and  for   a   time   following 
the  Boer  war      this  measure    '/^s  discredited    in  many   quarters. 
Shortly   thereafter      the   3ritish  War  Office  appointed  a   con- 
mission   to   reinvestigate    the  whole    subject   of   antityphoid   vac- 
cination.     The    favorable  report   of   t:  is    coramission   did  much 
to   encourage   the   use   cf   the   vaccine    in   the   years    that    fol- 

lOived. 

Voluntary  vaccination  was  authoriK^^d  in  the  American 

Army  in  1909,    The  experience  in  the  mob"' ligation  camps  in 

18  98  had  served  to  show  that  the  sanitary  measures  that  were 

practical  during  the  war  woulri  not,  unassisted,  prevent  the 

occurrence  of  epidemics  of  typhoid  fever. 

7 

The  report  of  Heed,  Vaughan  and  Shakespeare  showed 
that  tj'phoid  fever  appeared  in  over  9o  per  cent,  of  the  volun- 
teer regiments  within  eight  weeks  of  going  into  camp;  and  in 
some  regiments  of  regular  troops  it  appeared  in  from  three 
to  five  weeks.  It  also  appeared  in  both  large  and  sraall  en- 
campments in  the  Northern  as  well  as  in  the  Southern  States. 
They  stated  their  belief  that 

"..with  typhoid  fever  as  vvidely  disse  ninated  as 
it  is  in  this  country,  the  chances  are  that  if 
a  regiment  of  1300  men  should  be  assembled  in 
any  section  and  kept  in  a  camp, the  sanitation 
of  which  was  perfect, one  or  more  cases  of 
typhoid  v/ould  develop." 
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When   the   troops   were  mobilized  on   the   Mexican    border    in 
l"?^!!,    ordei*s   weru  issue'd    for    the   cotapulsory  vaccination   of   all  the 
personnel   against    typhoid   fever.      The  results   obtained    oy   this  meas- 
ure   in   the   reduction    in   the    typhoid    fever   morbidity  and  mortality 
rates   at   the   ca-ap   at   Ian   Antonio,   as   compared   ^i^ith   those  obtained   in 

a   camp   of    similar   si?;e   at    Jacksonville   during  the   Spanish-American   v/ar, 

SO 
arc    shov.n  in  Tatle  Ho.    7, 

Table   No, 7 
Typhoid   Fever    in  Two   Military   Camps    (1899   and  1911). 


Total 
Strength 


189R.0amp  at 
Jacksonville:      10,759 

1911. Camp  at: 

San  Antonio  :   12,801 


Gases   'Arith 
positive   diaf/nosis 

of 
Typhoid   fever 


1729 


"Depths    from 


)eaths   from 


typhoid  fever     Qther   causes' 


248 


3.3 
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The  small  number  of  deaths  due  to  other  causes  than  typhoid 
fever  indicate  that  the  sanitary  conditions  were  similar  in  both  camps, 
in  so  far  as  cro.vdin.?  an  opportunities  for  the  transmission  of  infection 
by  contact  'vas  concerned.  The  len^rth  of  time  in  camp  was  approximately 
the  same  in  each  case.  While  the  soldiers  were  encamped  at  San  Antonio, 
there  occurred  49  ctses  of  typhoid  fever  with  19  deaths  in  the  civilian 
■population  of  th°  city.   The  soldiers  mingled  freely  with  the  civilian 
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population,  eating  at  the  public  eating  places  and  drinkin;^ 
the  sa^ie  water  as  the  civilians, 

rnring  the  World  War,  from  April  7,  1917,  to 
November  11,  1918,  approximately  4,000,000  men  served  in  the 
United  states  Army.   On  ITovember  1,  1918,  there  were 
1,971,000  men  in  Europe  and  1,563,000  in  the  United  Ststes, 
or  a  total  of  3, 524., 000  men  under  arras  on  that  day  alone. 
IXirinti  this  period  of  time   there  were  1083  cases  of  typhoid 
feve"'"  among  the  truops,  with  158  deaths. 

The  morbidity  rate  for  typhoid  fever  during  the 
World  War  was  0.34  per  1000;   during  the  8ivil  war.  it  was 
70.19;  and  for  the  Spanish-American  war,  it  was  91.2?,.   Had 
the  rate  for  the  Civil  war  prevailed  during  the  World  War 
there  would  have  oeen   226,001  cases;  and  if  the  Spanish-/- mer- 
ican  war  rate  had  prevailed,  there  .-rould  have  been  291,537 
cases.   Actually,  there  were  1083  cases. 

While  undoubtedly  the  sanitary  conditions  were 
better,  particularly  in  the  camps  and  back  of  the  lines, 
during  the  World  War  than  during  the  Civil  war  and  Spanish- 
American  war,  nevertheless,  in  any  move-aent  of  large  bodies 
of  troops,  or  in  the  concentration  of  troops  in  large  camus , 
contact  of  a  n-'ture  that  will  permit  typhoid  carriers  to 
transmit  the  infection  is  unavoidable.   Therefore,  the  re- 
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duct  ion  of  the  incidence  of  typhoid  fever  among  the  soldiers 
during':  the  World  War  must,  to  some  ext>=>nt  at  least,  be  attrib- 
uted to  the  artificial  immunity  conferred  by  antityphoid  inoc- 
ulation. 
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Table  lTo.8. 

Typhoid  Fever  S^ath, Hates  per  1000  Population 
for  Similaj  A^e  rroups  in  Military  and  Oivil  Lif* 


Army 

death  rate  " 

per  1000 

Age  20-29  years  ++ 

Year 

Civilian  Male  Civilian 
Death  rate   death  rate 
jer  1000     per  1000 

1900 

:   0.43 

:   0.46 

1901 

:   0 .  64 

:  0.42 

:   0.54 

1902 

:   0.86 

:  0.40 

1903 

:   0.28 

:   0.35 

: 

1904 

:   0.27 

:   0.35 

1905 

:   0.30 

•   0.32 

1906 

:  0.26 

:   0.32 

1907 

0.19 

0.28 

1908 

0.23 

0.28 

1909+ 

0.28     : 

0.2? 

1910 

0.16 

0.27 

0.34 

1911  + 

0.09 

0.23 

1912 

0.04 

0.18 

1913  : 

0.00       : 

0.18       : 

1914  . 

0.03 

0.15      : 

1915  : 

0.00      : 

0.18      : 

0.17 

1916  : 

0.03 

0.11      : 

0.14 

1918  : 

0.05      : 

0.09      ; 

0.11 

+  Voluntary  vaccination  aa;ainst  typhoid  fever  was  authorized  in 
the  army  in  ig^Q^nd  made  compulsory  in  1911. 


^+  Taken  from  the  statistics  of  the  original  registration  area. 
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A    comparison   cf   the   typhoid   fever  mortality  rate 
for   the  amy  with   a    similar   age    group    in   the    civilian   popu- 
lation for   the   years   of    1900  to   1918    is   given    in   Table  lie. 8. 
The  reduction   cf   the    civilian  mortality  rate   shows   the    ef- 
fect  of   the    gradual   development   of   sanitary  measures   during 
the   years    intervening   between  1900   and    1916. 

The   residual   typhoid    fever   remaining   in   the    civil- 
ian  group    is   about    10   per   100,000   and    in   th'-  army,    it    is 
abcut    5   per   100,000.      Were   the   sanitary   cor.ditic:is    in   each  group 
of   a   similar    nature,    the  reduction   of  the  mortality  rate    in 
the  army   below   10  per   100,000   could   be   attributed   to    the   ef- 
fect   of    the   vaccination.      Such  a  de^iucticn    is   dan^rois, 
however,    in   that    in  peace   times,    the    sanitary   conditions 
found    in   tte    army  are    better    than    in   the  average   civilian 
community.      On   the    other   hand,    the  sanitary   conditions    in 
time    of   war,    in   so  far  as   the   prevention   of    the    transmis- 
sion of    the    infection   of   typhoid   fever    is    concerned,    are   not 
as   good  a^-.    they  are    in   the  typical    civilian   community  and 
the   records    si-)  ow  that   the   typhoid  fever   death  rate    in   the 
army  was   only   5  per   100,000   during   1918. 

An  analysis   of  the   military  situation   durintr  the 
years    between   1911   and   1918    shew  that    there    'vas   a   troop  move- 
ment   to   the   !!ezican  border    in   1911-12,    in   1914,    and  again 
in   191^")-17,    after   which  the   general   troop  movements    of   the 
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World  War  took  place.   The  conditicns  wer'?  fairly  stable  in 
the  yea.-s  of  1913  and  1915.   As  shown  in  Table  Ko.  8,  these 
troop  rncvernents  are  reflecte  '  in  the  typhoid  fever  death 
rate.   The  results  obtained  indicate  tha', ,  //ith  a  closed 
universe  and  under  good  sanitary  conditicns,  it  would  be 
possible  to  eradicate  typhoid  fever  by  the  use  cf  universal 
vaccination. 

The  reduction  in  the  incidence  cf  typhoid  fever  in 
the  army  follcving  the  introduction  of  compulsory  antityphoid 
vaecinaticn  has  shown  that  this  measure  as  a  method  of  pre- 
venting the  occurrence  cf  the  disease  is  of  the  greatest 
value;  but  the  experience  gained  during  the  World  War  has 
shown  that  it  cannot  be  rep:arded  as  a  substitute  for  the 
observance  cf  sanitary  precautions.   The  emphasis  laid  upon 
vaccination  during  th'-  early  month?  cf  the  '.var  led  many  inex- 
perl-^nced  nedical  officers  to  regard  vaccination  as  an  abso- 
lute protection  against  typhoid  fever,  while  in  reality  such 
is  far  from  being  the  case. 

The  Surgeon  General's  Report  shcv/s  that  sma.ll  but 
severe  epidemics  of  typhoid  fever  occurred  that  were  directly 
due  to  the  lack  of  proper  sanitary  precautions. 

The  period  from  June  1,  1917,  to  June  1,  191S,  .wit- 
nessed a  general  t'-oop  movement  to  Europe.   T-uring  t}  is  time 
only  a  few  sporadic  cases  of  typhoid  fever  occurred  and  second- 
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ary  cases  were  rare. 

In  July  1918,  s.  repls,Ger;;ent  unit  consisting  of  248 
inen  from  lamp  Gcdy,  Ne«v  Yexicc  ,  arrived  overseas  with  98  cases 
of  typhoid  fever.   The  case  fatality  rate  was  8.42  per  cent. 
The  men  v/ere  undoubtedly  exposed  to  massive  doses  of  the  in- 
fection at  some  time  during  the  journey. 

In  August,  1918,  a  sroall  detachment  of  troops  sta- 
tioned at  Ba^^oilles,  France,  developed  15  cases  of  t^^phoid 
fever  directly  traceable  to  a  cook  who  had  remained  en  duty 
as  cock  for  the  detachnont  mess  for  five  days  after  the  onset 
of  typhoid  fever.   The  disease  was  endemic  among  the  local 
civilian  population  at  the  time. 

A  number  of  sr^^ll  epidemics  of  this  type  occurred 
am.on^-  the  troops.   Practically  all  cf  the  divisions  engaged 
in  the  Argonne  offensive  were  exposed  to  massive  infection 
by  the  drinking  of  contaminated  water.   In  some,  only  a  few 
initial  cases  occurred  and  prompt  enforcement  cf  sanitary 
measures  prevented  the  occurrence  cf  secondary  cases.   In 
other  units   these  measures  were,  to  a  large  extent,  neg- 
lected because  of  "military  necessity"  and  entire  reliance 
placed  upon  the  immunity  conferred  by  the  vaccination,  with 
the  result  that  many  secondarj/'  cases  occurred.   As  an  example 
of  these  two  extremes  may  be  citea  the .. .division  in  which 
five  cases  oc^'urr-ed  between  October  1,  191P,   and  February  1,1919, 
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and  the  ...Division,  in  v;hich  115  cases  occurred  during 
the  same  period  of  time,  and  v.hile  the  two  divisions  were 
living  under  the  same  conditions  except  lor  the  difference 

in  the  enforcement  of  the  sanitary  regulations.  These  cases 

24. 
included  the  paratyphoids. 

A  smt 11  epidemic  of  14  cases  occurred  at  Nevers, 
France,  in  the  winter  of  1919  among  vaccinated  American 
soldiers.  h.n   epidemiological  study  ruled  out  v;ater  or  contact 
as  a  source  of  the  infection;  and  it  was  finally  shown  that 
the  bacilli  v;ere  transmitted  in  the  ice  cream  sold  to  the 
soldiers  in  the  French  cafes  in  the  city  of  Nevers.  This 
epidemic,  though  small  is  of  interest  because  it  illustr&tes 
that  massive  doses  of  the  infection  can  be  transmitted  by 
ice  cream. 

One  of  the  best  examples  of  the  results  of  a 
widespread  infe-^tion  in  a  population  consisting  of  both  vac- 
cinated and  mnvaccini  ted  individuals  is  that  of  an  epidemic 

which  occurred  in  a  community  in  the  Hawaiian  Islands  in 

31. 
1917.    The  infection  originated  v/ith  a  Japanese  laborer 

v.'ho  v/as  employed  on  the  water  supply  system  v/hile  in  the 

incubgtion  period  of  typhoid  fever.  The  results  observed 

are  tabulated  in  Table  lIo.9. 


Table  Ho.  9. 
Typhoid  Epidemic  in  Hawaii,  h.T.,  in  1917 


Population 

Number  of  cases 
of  typhoid  fever 

''Morbidity 

rate  per  M. 

Mortality    : 
rate  per  M.   : 

Vaccinated 
Snvaccinated 

4087 
812 

55 

45 

13.45 

55,41 

0.97      : 
S.o2      : 

The  failure  of  vaccine  to  afford  protection  in 
some  cases  may,  in  a  few  instances,  be  due  to  a  favlty  tech- 
nique in  the  administration  of  the  vaccine,  but  it  is  believ- 
ed that,  in  the  vast  majority  of  cases,  it  is  due  to  the 
fact  that  the  immunity  confe:^red  by  the  vaccine  is  relative 
and  not  absolute.   Vaccination  provides  each  individual  .vith 
a  barrier  atxainst  a  certain  amount  of  the  infection  of  ty- 
phoi'i  fever;  and  when  this  amount  of  the  infection  is  exceed- 
ed  he  develops   the  disease.   The  degree  of  the  immunity 
developed  in  different  persons  must  vary  so  that  the  amount 
of  the  infection  which  .vould  p-^oduce  the  disease  in  one  per- 
son would  be  unable  to  overcome  the  immunity  in  another. 

If  this  viejv  ia  co  -rect,  the  prevention  of  typhoid 
fever  by  vaccination  would  also  involve  the  maintena;-ice  of 
such  sanitary  conditions  as  would  eliminate  the  opportunity 
for  the  individual  to  ingest  at  any  one  time  a  massive  dose 
of  the  typhoid  bacilli. 

Under  the  conditions  of  military  discipline  vaccina- 


58 


tion  can  be  employed  as  a  preventive  measure  against  typhoid 
fever,  but  the  application  of  this  measure  to  prevent  the 
disease  in  the  civilian  population  of  a  city  ■vould  be  a  very 
difficult  matter.   The  public  sentiment  a.-rainst  vaccination, 
the  lack  of  public  kno-vled^-e  regarding  the  disease,  and  the 
fact  that  it  cannot  be  shown  that  vaccination  ag:ainst  ty- 
phoid fever  will  prevent  the  occurrence  cf  the  disease  under 
any  and  all  conditions,  all  tend  to  operate  against  the  uni- 
versal employment  of  this  protective  measure. 

Disrep-arding  the  many  difficulties  that  would  sur- 
round any  atterr^jt  to  vaccinate  the  entire  population  of  a 
city  aA^ainst  typhoid  fever  and  considering  only  the  economic 
vie./point  of  such  a  procedure,  the  value  of  universal  vaccin- 
ation is  extremely  doubtful. 

In  the  years  of  1910  to  1920  inclusive,  other  meas- 
ures of  combating  the  infection  were  successful  in  reducing 
the  typhoid  fever  death  rate  in  57  cities  cf  the  Unitsd 
States  from  19.59  per  100,000  population  in  1910,  to  5.52 
in  1920.  (Table  No. 10),   The  continuation  of  these  measures 
will,  in  all  probability,  effect  a  still  further  reduction 
in  the  prevalence  of  the  disease  in  these  cities.   Even  if 
the  entire  population  of  the  age  group  under  45  years  in 
those  cities  could  be  vaccinated  against  typhoid  fever,  it 
is  doubtful  if  the  effect  upon  the  incidence  cf  the  disease 


59 


would  be  great  enough  to  justify  the  expenditure  of  the  iponei' 
and  labor   recjuired  to  produce  it  .inas-imch  as  this  money 
and  labor  could  be  expended  in  the  fight  aj^ainst  other  infec- 
tious diseases  with  a  reasonable  expectation  that  much  bet- 
ter results  would  be  p^-^oduce^. 

Tl^e  sanitary  standards  that  have  resulted  in  the 
reduction  of  typhoid  fever  in  these  cities  could  not  be 
lowf^red  because  of  the  fact  that  such  standards  are  neces- 
sary in  the  control  of  other  diseases;  and  also  that  the 
ingestion  of  a  toassive  dose  of  the  typhoid  bacilli  //ill 
produce  the  disease  in  rnany  vaccinated  persons. 
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Table  Nc.lO 


Total  Average  Typhoid  Fever  T^eath  in  57  Cities 
of  the  United  States,  for  the  Years  of 
1910  to  1920,  inclusive. 


:      Total 

Typ?ioid 

:      Typhoid  death  rate      : 

:  Year 

Population 

deaths 

per   100,000.               : 

:1910 

20,996,035 

4,114 

:                     19.59                   : 

:1911 

21,545,014 

3,391 

:                     15.74                   : 

:i912 

22,093,993 

2,77  5 

12.55                   : 

:1913 

28,642,972 

2,892 

12.77                    : 

:1914 

25,191,951 

2,408 

10.38                   f 

;1915 

23,740,9o0 

2,068 

8.71                     : 

:i9in 

24,20^,359 

1,842 

7.61                  : 

:1917 

24,740,068 

1,647 

6.65                   : 

:  1918 

24,971,278 

1,557 

6 .23                   ': 

:1919   : 

25,525,186: 

987 

3.83                     : 

:  1920 

26,154,013 

921 

3.52                    : 

In  the  Is.st  analysis,  the  question  as  tc  whether  vaccin- 
ation against  typhoid  fever  would  or  would  not  be  accepted 
by  any  considerable  proportion  of  the  population  of  a  city 
depends  \;pon  public  opinion  regftrdint^  such  iaeai3ures  of  pro- 
tection against  disease,   ^he  inanunity  conferred  by  vaccina- 
tion against  smallpoif  is  absolute,  and  the  public  has  bnen 
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in  tlie  process  of  being  edu;  ated  on  this  point  for  the 
past  hundred  yeart*  and  yet  in  1909.  one  cf  the  most  pro- 
gressive States  in  Che  Union  in  hea;th  natters  (Galifornls.) 
polled  a  one-third  vote  arainst  conpulscry  vaccination  of 
schocl  'hildren  as  a  measure  of  protection  against  smallpox. 
If  this  be  a  fair  test  of  the  public  sentiment  veimrdins 
vaccination  azainst  disease,  it  ?/ill  be  many  years  before 
vaccination  against  typhoid  fever  will  be  accepted  as  a 
universal  measure  of  protection. 

Sumiaary  and  Oonclvsicns . 

_1.   The  reduction  of  the  typhoid  fever  mortality 
rate  in  the  larirer  citjes  of  the  United  States  during  the 
past  tv/enty  years  has,  for  the  most  part,  been  due  to  the 
purification  of  the  public  water  supplies,  and, to  a  somewhat 
less  extent,  to  the  control  of  the  means  of  transmitting 
the  infection,  directly  or  indirectly,  from  the  active  cases 
or  carriers  to  the  non-immune  individual. 

2..   The  incidence  cf  typhoid  feve^   due  to  sources 
cf  infection  other  than  the  vvater  supply   is  lar^-'ely  endemic 
and  is  derived  from  typhoid  fever  patients  or  carriers  by 
means  cf  an  infected  milk  supply,  by  food  other  than  milk, 
by  flies,  cr  by  diredt  contact  with  the  patient  or  carrier. 
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5_.   Nany   typhoid  carriers   are  present    in   the  popu- 
lation  of    any   lar^e    city   anrf    the   detection  and   control   of 
all   such   carriers   would    be  a   very  difficult   matter   at   the 
present,    time.      Their   detection   depends  upon   the    epidernicl- 
cgical   study   cf   the   cases    of   typhoid   fever   to    determine   the 
source   of    infection,    the    thorough   bacteriolot^ical  exai-nina- 
tion  of   the    discharges    frora  all   convalescent   typhoid   fever 
patients,    and   keepin,""  under   observation  all   recovered  cases 
who    continue    to   eliminate   the   typhoid    bacillus.      The    control 
of    the   carrier   depends   upon   securing  his   codpe^aticn,    and 
the  assistan-e   of   his   family,    in  preventint^  the    transmission 
of   the    infection   to   others   and   the   enactnent   and    enfcce- 
ment   of    suitable   laws   for   the  purpose   c"^  controlling  the 
nature   of   his    ernployment    and    the   recording   of   Y'is   movements. 

4_.      The   endemic    typhoid   fever   can   be   and    is    being 
brought  under   control   by   the    elimination   of   the   means    of 
transmitting   the    infection.      These  measures   of   control   com- 
prise  the   location,    control   and   treatment   of    carriers   and 
patients,    and  th-^   supervision   of   the   production     and   distrib- 
ution  cf  mjlk  and   other   food   supplies,    together   v/ith  the    en- 
forcement  of   sanitary   regulations. 

5_j_.      The  public    sentiment   against  vaccination   in   gen- 
eral,   and   the   fact   that   antityphoid   inoculation   does   not    con- 
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fer  an  absolute  and  permanent  imTni;nity  af^ainst  th^--  disease,  will 
tend  to  prevent  universal  immunization  against  typhoid  fever. 
From  an  economic  viez/pc  int ,  it  is  doubtful  if  uni-versal  vac- 
cination vould  be  practicable. 

6_.  In  the  absence  of  practical  measures  -^hich  can 
be  enforced  for  the  detection  and  adequate  control  of  all 
typhoid  carriers,  cr  in  th'-  absence  of  universal  imjru^niza- 
ticn  a-^ainst  typhoid  fevrr,  it  is  highly  improbable  that 
endemic  fever  can  be  eradiceted  from  the  average  American 
city  under  the  conditions  that  exist  at  the  present  time. 

7_.   The  further  reduction  of  tie  present  urban 
typhoid  fever  rate  depends  upon  increasing  the  knowledge  of 
the  public  re^'"arding  the  necessity  for  the  control  of  typhr  id 
carriers,  the  adeouate  supervision  of  the  production  and  dis- 
tribution of  milk  and  other  food  supplies,  the  elimination 
of  insanitary  privies,  and  the  correction  of  other  sanitary 
defects. 
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Chart  l:o.l. 

Typhoid  ffever  .Death  Hate  per  100,000  lor  the 
years  of  190S  to  19£0, inclusive . 
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Columbus ;' 


Typhoid  Fever  Death  Rate  per  100.000  for  the 
years  of  190S  to  19S0. inclusive. 
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Typhoid  Fever  .Je&th  liate   per  100,000  lor   the 
years   of   1905   to   1920, Inclusive . 
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Typhoia  Fever  Death  Rbte  per  100.000  for  the 
years  of  1903  to  1920. inclusive . 
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